Abstract. Film formation of natural rubber latex (NRL) blending with various concentrations of chitosan were investigated. Atomic force microscopy (AFM) images clearly showed that the NRL film covered chitosan phase. Roughness of the film which was calculated from AFM image was increased with increasing chitosan concentration. Miscibility of NRL and chitosan in solution was investigated by using dynamic mechanical thermal analysis (DMTA) and found that chitosan incorporated with NRL less than 40 weight percentage (wt%) was partially miscible. Films of the chitosan blending with higher NRL contents exhibited two peaks of glass transition temperatures. Interfacial polarization and dielectric properties of polymer films were improved with increasing NRL contents. Chemical structure of the blends were characterized by using attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR).
I. INTRODUCTION
Chitosan from sea shell is a well-known membrane material for water-alcohol pervaporation [1, 2] , carbon dioxide selective [3] , direct methanol fuel cell [4] , protein separation and concentration [5] , moreover, chitosan acts as a chelating agent for heavy metal removal [6] due to its positive charge present in the polymeric chain such as amino group. However, chitosan has a high molecular weight and low solubility in most solvents, which causes practical problems in its applications. A number of publications deal with incorporation of chitosan with natural rubber (NR) to obtain higher permeability [7, 8] and selectivity as well as good thermal stability [9, 10] . Incorporation of chitosan with NR has been done via solution blend (homogeneous reaction) and c 2014 Vietnam Academy of Science and Technology dry blend (heterogeneous reaction). Solution blend of chitosan with NR showed that the both of permeation flux and separation selectivity of water-isopropanol mixtures were increased with increasing chitosan content. Previous work from the same laboratory explored a very interesting route to degraded and modified chitosan functional groups, mostly composed by amino groups, using argon plasmas and glutaraldehyde, respectively [11] . The use of a bifunctional agent can block amino groups and turn chitosan structures more inert and resistant to acidic media.
In this study, the polymeric films were prepared from incorporation of chitosan solution with NR latex. The films were characterized and analyzed by atomic force microscope, dynamic mechanical thermal properties, Fourier transform infrared spectra and dielectric properties. To the best of our knowledge, this is the first time to report the film formation and properties of positively charged membrane from NR latex blending with chitosan solution.
II. EXPERIMENTS
High ammonia concentrated NR latex (NRL) with dry rubber content (DRC) 60.1% by weight was purchased from Chalong Latex Industry, Songkla, Thailand. Chitosan (deacetylation degree of 85% with average molecular weight is 500,000 g/mol) was purchased from Seafresh Industry Public Co., Ltd. 3 grams Chitosan was dissolved in 97 grams acetic acid solution (10% v/v) by stirring for 48 hours and filtering to remove undissolved matter. The chitosan solution was directly mixed with NRL (DRC = 40% by weight in the presence with stabilizer 0.5% by weight) by varying weight ratio between chitosan solution and NRL.
The mixture was poured into petri dish and followed by drying at room temperature. The polymer films were neutralized by immersing in 4% (w/v) NaOH solution and washing with water until the washing water pH reached closed to 7.0. The resulting polymer films were left to dry at room temperature in a dust free chamber.
Characterizations
Surface morphology of membrane was studied using atomic force microscope (AFM), Park System XE70. The surface roughness average (R a ) and root mean squared (R q ) were calculated from Nanoscope software by using the following equation:
where Z j is the difference between the height and the mean plane current, and n is number of points.
The dynamic mechanical properties of the obtained membrane were analyzed using Dynamic Mechanical Thermal Analyser (DMTA; Model-V, supplied by Rheometric Scientific). The shape of test sample was rectangular, 25 mm long, 10 mm wide and 1.5 mm thick. The single cantilever mode of deformation was used under the test temperature range from -100˚C to 50˚C with a heating rate of 3˚C/min.; the test frequency being 1 Hz. The cooling process was achieved through liquid nitrogen.
Dielectric measurements were carried out in the frequency range 75 kHz up to 30 MHz by using Precision LCR meter (Agilent 4285A). The properties obtained from the dynamic mechanical thermal analysis are the storage modulus (E'), loss modulus (E"), and loss tangent (tan δ) of the biopolymeric blending film is recorded as a function of temperature from -100 to 50 o C and showed in figure 2. Figure 2 , the storage modulus is found to increase with incorporation chitosan with higher NR content. The incorporation of NR has improved the stiffness of the chitosan around the glassy region. The damping property (tan δ) which is the ratio of the dynamic loss modulus to the dynamic storage modulus is found to increase with incorporation chitosan with NR. Since chitosan is rigid with it dissipates energy and thus the height of damping peak increases.
III. RESULTS AND DISCUSSION
The tan δ peaks observed correspond to the glass transition temperature (T g ) of the matrix. The T g of the obtained bio-blend is increased indicates good interaction between NR and chitosan. The AFM images in Fig. 1 clearly showed that the chitosan incorporated with NR formed the aggregate structure with high surface roughness. The peak-to-valley (R pv ), surface roughness average (R a ), and root mean squared (R q ) were calculated and presented in Table 1 . The images show the sine structure of chitosan surface transformed to larger microfibril bundles after incorporated with NR. These suggest that the polarity of chitosan membrane is decreased, showing the potential to produce the chitosan with higher strength and stiffness. The properties obtained from the dynamic mechanical thermal analysis are the storage modulus (E'), loss modulus (E"), and loss tangent (tan δ ) of the biopolymeric blending film is recorded as a function of temperature from -100 to 50 o C and showed in Fig. 2. Fig. 2 , the storage modulus is found to increase with incorporation chitosan with higher NR content. The incorporation of NR has improved the stiffness of the chitosan around the glassy region. The damping property (tan δ ) which is the ratio of the dynamic loss modulus to the dynamic storage modulus is found to increase with incorporation chitosan with NR. Since chitosan is rigid with it dissipates energy and thus the height of damping peak increases. The tan δ peaks observed correspond to the glass transition temperature (T g ) of the matrix. The T g of the obtained bio-blend is increased indicates good interaction between NR and chitosan.
More details of polymer functional groups were studied using ATR-FTIR analysis. Fig. 3 shows the major characteristic peaks of NR. These are at 3025 cm −1 (=CH stretch), 2956 cm −1 (C-H stretch of methyl group), 2915 cm −1 (C-H stretch of methylene group), 1375 cm −1 (C-H stretch of methyl group), 1453 cm −1 (C-H stretch of methylene group), and at 835 cm −1 (C-H wagging). The spectrum of chitosan membranes as shown in Fig. 3 had no obvious difference between each of membrane. However, when a detail observation was made, C-O-C groups were affected. For the incorporation of chitosan with NR, the peak at 1040 cm −1 (C-O-C out-of-plane bend) increased remarkably. The permittivity and dielectric loss of polymer films were measured over the frequency range from 75 kHz up to 30 MHz at room temperature. Dielectric constant of the polymer film with higher content of chitosan was increased as shown in Fig. 4 . Blending of chitosan with NR, the dense NR film covered with chitosan particles results was formed and shown that the film conductivity decreased.
IV. CONCLUSION
The membrane obtained from the incorporation of chitosan with NR showed that the mechanical property is improved. The dielectric constant revealed with interfacial polarization and conductivity of polymer film is mainly changed with NR content. NR film was formed and covered chitosan particle decreased its dielectric properties.
